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CII. — The  Volanu'tric  Kfit  'iiiKitivii  nf  Silver. 

By  William  Rohekt  Lam;  and  John  Ohin's  Woodiioi'sk. 

In  this  jouroal  (Lang  and  Allen,  Trans.,  1907,  91,  1370)  there  was 
described  an  apparatus  for  the  e«timatiou  of  sulphates  and  salts  of 
barium  based  on  the  rapid  clearing  of  turbid  solutions  in  narrow 
tubes.  The  same  apparatus  was  used  to  determine  silver  by  staiidanl 
sodium  chloride  with  a  view  to  improving  ou  tiio  well  known  i'-uy 
Lussac  method,  but  great  difficulty  was  experienced  in  determiuin;.'  tlie 
end-point,  th«  sUrer  loltttions  not  clearing  sufficiently  rapidly.  The 
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•pparatus  wm  therefore  modified  emwkbraUy,  with  tiw  mvll  that 

etttiina  <>ns  of  s\\\ev  were  done  in  half  lUl  iKMr  wHh  AB  avwag*  error 
of  le^<i  tb%o  a-tenth  of  one  per  cent. 

The  pritMiiMtl  differeaeea  from  tiM  fonaar  i^punttua  wero  thu  we  of 
tine  V  mil  to  retain  the  ailtrer  chlorM*  pfwipiUte,  the  replMement  of 

tlie  funnel  liy  a  !.liort  piece  of  thin-w»lled  gtaas  tubing,  which  enablex 
the  .sligliteitt  opalescence  to  be  easily  observed,  and  the  jterniiinpiii 
Attachment  to  an  exhautt  for  washing  the  precipitate  and  solution 
down  tb«  tube. 

A  rubber  corlc,  pierced  with  two  holes,  is  inserted  in  a  tlask,  A,  of 
almut  600  c.c.  rapacity.  Through  it  passes  a  tube,  of  about  60  mm. 
diameter,  titled  with  a  itopcock,  Jj,  and  to  its  upper  end  is  8eale<l 
about  4  cm.  of  a  thin  teat-tube,  A',  of  1— 1-5  cm.  diameter.  About 
8  CB.  from  the  lower  end  of  the  tube  C,  a  plug  of  glaes-wool  it 
inserted  and  the  remainder  filled  with  iai>d,  preriooely  washed  free 


from  impurities.  The  sand  is  hel<l  in  its  place  by  a  second  plug 
of  glass-wool,  and  the  curved  piece  of  tuhing,  B,  filled  with  glass-wool 
and  attached  to  C  by  a  small  piece  of  rubber  tubing.  The  onrred 
portion  may,  of  course,  be  sealed  on,  but  in  these  cireumstaneM  is 
not  so  readily  filled.  This  prevents  the  back  suction  from  displacing 
the  sand.  Through  the  second  hole  in  the  cork  a  small  pii  ^^  e  of  tubing 
passes,  connected  by  a  length  of  rubl>er  tubing,  F.^f,  to  a  three-way 
tap,  //.  7  is  a  small  hand  aspirator  to  force  a  portion  of  the  contents 
of  A  up  the  tube  C  for  titration  in  E,  whilst  K  leads  to  the  exhaust 
pump.  It  is  advisable  to  have  a  space  between  the  tap  If  and  the 
water  pump,  as  this  ensures  there  always  being  a  ready  vacuum  avail- 
able the  moment  the  connexion  is  made  through  H  to  the  fiask. 

The  first  set  of  experiments  was  made  with  quantities  of  a  solution 
of  silver  nitrate  of  known  strength,  using  iV/10  sodium  chloride  in 
excess  as  precipitant,  and  titrating  back  with  XjlO  silver  nitrate.  A 
portion  of  the  silver  solution,  equivalent  to  0'5  gram  of  silver,  is 
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placed  io  tlia  iMk  A  and  ditntad  to  ahont  lOOe.c.  with      ■"  '  mtrr, 

50  CO.  of  tho  .V  10  dodiiim  chloriilo  noliitioii  thi'ii  ru  ■  )ie  fla^k 
direct!) ,  and  tlio  whole  hoatt><l  to  Imitiu^  to  coa^'ulute  t.  ^  lecipitatod 
•ilvpr  '  .loriile. 

X,^  Silver  nitrata  i«  than  ran  in  diractljr  tr  tlta  Kolution  and 
pr^  ,4tAte  up  to  within  a  few  e.c.  of  the  calculnted  amount  norenmry. 
The  rubl»er  cork  with  its  attachni' nt  ifi  replmcl  utnl  thi-  tliroe-»viiy 
t;ip,  //,  openeJ,  and  air  dr.iwn  th'  igli  tbe  :iolution  for  a  fuw  minuteii. 
TtiiH  tuatarially  aaaiata  tha  aattliof  of  (he  {mcipitate.  Th»  tap  ia 
ailjii.sttHl,  and  by  maana  of  tha  aiipimtor,  J,  Moue  of  the  liipiid  .iml 
precipitate  forced  through  the  layer  of  x.ind  nn<l  )?laim-wool  •  into  A", 
which  it  reacheii  iu  a  perfectly  <  If m-  lomlitiou,  tlie  silver  chioridi* 
being  completely  retained  by  the  itand.  A  drop  of  A/10  silver  nitrate 
ia  addad,  when  a  precipitate  it  formed,  varying  in  intensity  with  the 
exceaa  of  nalt  Ktill  prewnt.  The  Ii(|iiid  and  preci{>itato  are  then  sucked 
and  wanhed  do— i  into  A,  and,  '  the  thickness  of  the  precipitate 
justifies  it,  about  .  c.c.  of  the  si  tolntion  i»  added  dinelly  to  the 
contents  of  tbe  flaak.  The  ■topp'  <  again  tnaerted,  and  the  operation 
of  forcing  (he  mizdtra  up  into  B,  tKiating,  and  waahing  down  again, 
continueil  until  no  chat ,, '  i  visible  in  the  cle:ir  liquid,  when  a  dr,.p 
of  the  silvp"  solution  '  .iMoI.  The  thin  walln  of  E  render  the 
faintest  op  t'  .-^.  Bnce  roadiiy  obsprvuble,  more  piirticularly  if  a  eorre- 
aponding  gia< ^  .aba  containing  distilled  water  be  used  for  comparison. 
Tha  resnlta  of  (he  fini(  set  of  experiments  are  as  follows : 

In  each  case,  50  c.c.  of  silver  nitrate  solution  wore  einploypd 
( =  0'5  gram  Ag)  and  50  c.c.  of  a  solution  of  sodium  chloride  added, 
each  c.c.  of  which  ia  oquiralent  to  0-01081  gram  Ag.  Thia  corresponds 
with  50-0463  c.c.  iV/10  sodium  chlorido.  On  titrating  back  and  calcu- 
biting  the  amount  of  silver  equivalent  to  the  nett  sodium  chloride 
used  by  the  sainplo,  the  errors  varied  from  zero  to  •(■0'54  per  cent. 
Each  (itration  required  twenty  minutes. 

In  order  to  reduce  this  error,  if  possible,  samplea  containing  1  gram 
of  rilver  were  taken,  100  c.c.  of  .sodium  chloride  added  (1  c.c. - 
0*01081  gram  Ag),  ar  .  the  excess  titrated  back  witli  .N'/lOO  silver 
nitrate  solution  (table  I). 

Aa  in  analyses  of  silver  alloyi!  by  Gay-Lussac's  method,  tbe  precipita- 
tion is  effected  in  the  presence  of  free  nitric  acid,  a  series  of  experiments 
was  carried  out  to  ascertain  the  etYect  of  varyinj.'  projwrtions  of  acid. 
The  volume  of  the  solution  containing  1  gram  of  silver  was  100  c.c. ; 
the  amount  of  acid  varied  from  10  c.c.  to  50  c.c,  and  the  resulting 
errors  from  +0'094  to  -0-216  per  cent.,  the  mean  error  being 
—  0-0634  per  cent.,  the  presence  of  the  nitric  acid  thus  tending  to 
make  the  precipitation  more  complete. 
*  GUs»-wool  and  asbestos  were  fouud  to  be  incapable  of  rctaiuiDg  the  precipitatu. 
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Tablx  I. 

C.™.A«K;^^^?^C,  iK^. 
.„pJ„M    back  u^ce.   use    .e.e.      ^^.Ag.      i„^.^™..  pe 

-i°n  ^2-77''6  1  0019  0-0019  +0-19 

\1  «-30  92-862«  100-29  0  0029  +0-29 

Artrm  error.  +0-2M  per  cent,  and  0  063  ,.or  cent.    M.an  .nt,r=O  lM  p.r  C«t, 
Average  time  Uken  =  27  minutes. 

To  test  the  usefulness  of  this  apparatus  as  applied  to  the  F«t>«»l 
estimation  of  silver  in  bullion,  the  usual  conditions  under  which  thi. 
is  done  by  the  Oay-Lussac  method  were  adhered  to,  namely.  1  gram 
of  pure  silver  dissolved  in  about  15  c.c.  of  n.tnc  iOO  c.o  of 

i/fo  sodium  chloride  added,  and  the  exce-  tit»ted  with  ^/lOOs^ver 
nitrate.  (When  necessary,  any  excess  of  silver  wlution  added  wa. 
titrated  with  A'/lOO  sodium  chloride.) 

The  following  table  contain,  the  re«»lt»  of  the«.  experunentm  «id 
the  time  taken : 

Table  II. 

^'BBst.  SK.  fi  e 
W   li    £   S,  :;i 

0-  9994  <4-7a  ^2  61<6  1  uu«»  ^.^^ 

is  ii         ii!  ss; 

1-  S         M-SO  92-8«2«  10029  OOOOO  -0  0« 

iiTMUM  emrs  -O-aW  per  eent.  wid  +0133  \itr  cent. 
Mean  S^Vper        ^  Average  time  t.ken=30  minute.. 

It  may  be  added  that  no  excessive  shaking  up  of  the  mixture  is 
required  other  than  suflfcient  to  ensure  mixing  after  each 

addition  of  the  reagent. 
Chemical  LABORAXonT, 
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